We sought to develop and pilot an intervention to improve blood pressure (BP) and other intermediate outcomes (hemoglobin A 1c , low-density lipoprotein cholesterol) of diabetes in a low-income, ethnically diverse population. Englishor Spanish-speaking primary care patients with BP ≥ 140/90 on 2 visits in the past 12 months and any level of A 1c were randomized to usual care (n = 24) or intervention (n = 31). Home health nurses assessed self-management and medication adherence, and they performed health behavior counseling. Participants transmitted daily BP and glucose results using simple home telemetry units to the nurse coordinator; these results were then aggregated and transmitted weekly to primary care providers to facilitate intensified treatment. After controlling for baseline levels, a significantly larger proportion of the intervention group was at goal for BP (adjusted OR = 9.3, P = .006) and A 1c (AOR = 4.3, P = .049), but not for lowdensity lipoprotein cholesterol (AOR = 1.1, P =.86). Clinicians made more BP medication changes in the intervention group compared to the control group (8.3 vs 3.8, approaching significance at P = .06). Self-reported medication adherence and self-care behaviors were not significantly improved. We successfully developed a telephone-and email-based collaboration between home health nurses and primary care clinicians to address poorly controlled hypertension in an ethnically diverse population. The intervention, combining enhanced feedback to patients and their primary care providers and individualized behavior change support by home health nurses, is effective for improving BP and glucose in this setting.
Introduction
Evidence strongly supports control of blood pressure (BP), hyperglycemia, and lipid levels to decrease vascular complications in diabetes. [1] [2] [3] Yet evidence-based targets for BP, glucose, and lipids are often not met in primary care. 4, 5 Clinical inertia, or physician failure to intensify therapy during office visits, has been implicated as contributing to poor chronic disease management. [6] [7] [8] [9] Not all failure to achieve targets is a result of poor quality care. 10 Multifaceted approaches are needed that target the provider, patient, and system simultaneously. The heightened risk of cardiovascular complications among ethnic minorities with diabetes underscores the need for more effective strategies to control multiple risk factors especially among underserved patients. 11 In a Collaborative Approach to Control Hypertension in Diabetes (COACH-D), we developed a multicomponent intervention in a multi-ethnic, low-income primary care population. We hypothesized that the intervention as a whole would be effective in improving BP and other intermediate outcomes of diabetes management (glycosylated hemoglobin [A 1c ] and low-density lipoprotein [LDL] cholesterol). The cornerstone of our patient-centered intervention was a collaboration between home health care nurses and primary care clinicians, employing home telemetry units that transmitted home BP and blood glucose results to facilitate intensification of treatment by the primary care provider (PCP). Here we report outcomes of the pilot and feasibility study.
Methods

Participants and Sampling
Participants were English-or Spanish-speaking adult patients, age ≥ 30 years, receiving care for type 2 diabetes, with BP above 140/90 mm Hg recorded at 2 or more clinic visits in the past 12 months. Because of the nature of the intervention, a touchtone home phone was also required. Patients were excluded if they could not participate in the intervention or provide informed consent owing to psychiatric or cognitive impairment, or if they had renal failure (Cr ≥ 4).
Setting
The study was conducted at a federally qualified health center in Bronx, NY.
Procedures
After informed consent, participants completed a baseline interview and laboratory assessments of A 1c and LDL cholesterol. They were then immediately randomly assigned to usual primary care or the collaborative intervention.
The Intervention
In brief physician training sessions, clinicians were educated to meet guidelines of BP <130/80 mmHg, 12 A 1c <7%, and LDL < 100, 13 as appropriate for individual patients. Home health nurses participated in workshops to enhance skills in promoting self-management, covering selected health behavior counseling techniques to control primarily BP, as well as glucose and lipids. 14, 15 During home visits, nurses instructed participants in a protocol of daily telemonitoring using simple, inexpensive, leased Cardiocom equipment (Cardiocom Corporation, Chanhassen, MN), and they provided self-management support focused on goal setting for behavior change and targeted health/risk communications related to improving the "ABCs" (A 1c , BP, and cholesterol). Daily BP and glucose readings were transmitted to the program manager and formatted as weekly reports; they were sent to the PCP via secure clinical email. The PCP had been instructed to review these reports and to modify treatment plans appropriately. The Telehealth program manager, a nurse certified diabetes educator, provided ongoing support to both the nurses delivering the intervention and to the patients as needed. She monitored daily transmissions, reminded patients who did not transmit, and evaluated when values were outside the established parameters. Nurses communicated urgent symptoms to physicians immediately for additional orders.
Outcomes Assessment
The primary outcome was achieving BP target of <130/80 mm Hg, measured at home by a trained research assistant. Following established protocol, we used the average of 2 readings taken with an aneroid sphygmomanometer. Laboratory specimens for secondary outcomes (A 1c and fasting lipids) were drawn on the day of randomization and 6 months later. Surveys for demographics, literacy, 16 self-care behaviors, 17 and medication adherence 18 were administered at baseline and at 4 months. Initiations, discontinuations, or dose changes of anti-hypertensive, lipidlowering, and glucose-lowering medications were tracked using the clinical system's electronic prescription database. Participants received modest incentives for completing the research interviews, but not for home visits or telemonitoring.
Analysis
Logistic regression models estimated group odds ratios of goal attainment for each outcome (BP, A 1c , LDL) at 6-month follow-up, adjusting for baseline level of the measured outcome to control for pretreatment differences between groups. SPSS, version 17.0 (SPSS, Inc, Chicago, IL) and Stata version 11 (Stata Corp., College Station, TX) software were used. visit criteria (attending a visit at the participating health center within the past 6 months and at least 2 visits within 1 year), 332 met eligibility criteria of having BP persistently well above recommended targets (> 140/90 at their last visit and at least 1 other visit in the preceding year). During the initial screening process, 72/332 (21.7%) were excluded, and 35/332 (10.5%) could not be reached by the study team. The most common reasons for exclusion were inability to speak English or Spanish, no PCP, no longer receiving care at the health center, not available because of moving or travel, and inappropriate for study as determined by their PCP, most commonly owing to severe psychiatric or cognitive impairment or homelessness. Of the 128 eligible patients who were invited, 55 (43%) refused participation. The most common reasons for refusal were lack of interest (64.8%) or time (20.4%) to participate.
Results
Randomized participants (n = 55, 24 usual care and 31 intervention) were mostly female (65%), of low health literacy (62%), Medicaid insured (62%), and Hispanic (73%), with a mean age of 60.0 years. Half (51%) chose to complete the interview in Spanish. Table 1 reflects demographics by treatment group, as well as baseline and 6-month values for clinical characteristics. Intervention and usual care arms had appreciable differences in baseline characteristics, though only the proportion with Medicaid reached statistical significance.
Nearly all participants completed the protocol (22 usual care, 25 intervention). Two participants were withdrawn because of telephone incompatibility with the Cardiocom unit. Intervention participants transmitted BP and glucose readings almost every day (86% and 85% of possible days, respectively), and received, on average, 10.4 home nursing visits over an average of 75.2 days (sd = 35.6), or 10.7 weeks, of intervention.
The proportion of the usual care group at goal decreased or stayed the same for each measure between baseline and 6 months. The intervention group showed improvement for A 1c and BP, but there was a decrease in the proportion at goal for LDL ( Figure 2 ). Using logistic regression controlling for baseline levels, a significantly larger proportion of the intervention group was at goal for BP (adjusted odds ratio [AOR] = 9.3, P = .006) and A 1c (AOR = 4.3, P = .049), but not for LDL (AOR = 1.1, P = .86).
With regard to potential mediators of the intervention effect, medication adherence scores and diet-related behaviors improved, though not significantly. More changes in prescribed hypertension medications or doses (but not glucose or cholesterol medications) were recorded for the intervention participants compared to usual care (8.3 vs 3.8 changes per year, approaching significance at P = .06).
Discussion
We developed, implemented, and evaluated a novel intervention to improve BP and other intermediate outcomes of diabetes management in a multi-ethnic, low-income primary care population. We used simple in-home telemetry to enhance feedback of clinical information to patients and their PCP. High rates of daily BP and glucose monitoring and transmission suggest overall good acceptability of the device. Through collaboration with home health nurses, home telemonitoring was coupled with health behavior counseling to support self-management. This approach has advantages in that it uses a simple, inexpensive device and support from home health nurses that is potentially available in most communities.
Our results provide preliminary evidence of effectiveness of the intervention for improving BP, the primary target, as well as glucose. A possible mechanism for the effect is decreasing PCP clinical inertia, 19 as suggested by more BP medication changes in the intervention group with a significantly greater proportion at BP goal by the end of the study. The health behavior change counseling was not effective in producing improvements in the individual selfcare behaviors measured, suggesting the need for more behavior change training for home health nurses, a different measure for self-care, or an alternate delivery strategy. Additionally, more focused attention on medication adherence may facilitate additional improvement in all 3 outcomes of interest.
Limitations of this pilot and feasibility study include conducting it in a single primary care site and its small sample size, which resulted in a somewhat underpowered study, particularly for examining mediators of the intervention. Baseline differences between intervention and control groups were present for both demographic and clinical characteristics, though it was not possible to adjust for all of these differences owing to small sample size. We adjusted for clinical characteristics because they were most closely related to study outcomes. Despite these limitations, we conclude that this collaborative approach is feasible and has potential to improve intermediate outcomes of diabetes management, and that further study of the intervention with appropriate statistical power is warranted.
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